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(54) Cooking process and apparatus 

(57) In a method and a cooking machine for contin- 
uously heat treating a food product the heat transfer to 
the food product is accomplished on a conveyor (5) in a 
processing chamber (2) from above by means of con- 
vection from a heat transfer medium and from below by 
means of heating means (8) heating the underside of 



the food product. The heat transfer from below is 
accomplished by direct contact of the underside of the 
food product (6) with the conveyor (5), the conveyor 
being a continuous flat non-perforated belt comprising a 
plastic material. 
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Description 

[0001 ] The invention relates to a cooking process and 
a cooking machine for exercising the process. More 
specifically, the invention refers to a method for continu- s 
ously heat treating a food product, the heat transfer to 
the food product being accomplished on a conveyor in a 
processing chamber from above by means of convec- 
tion from a heat transfer medium and from below by 
means of heat from heating elements moving upwards 10 
to heat the underside of the food product. 
[0002] Modern industrial processes using automatic 
and continuous food cooking machines can in principle 
be divided into two types of cooking systems. In the first 
foodstuff is treated with steam and/or hot air on an end- is 
less belt. In such a so called hot-air oven different types 
of belt materials are used and forced hot air as well as 
steam is added during the cooking process. Thus, such 
a machine can be used as a simple steam tunnel, 
superheated steam being used. Alternatively, a combi- 20 
nation of steam/hot air is used, whereby for example a 
steam cooking of the food product is first accomplished 
and then the product is dried by means of treatment with 
hot air. Such a continuous steam cooking system, in 
which foodstuff is fed on a conveyor belt through contin- 25 
uously replenished saturated steam layer, is for exam- 
ple shown in EP-A-571 937. 

[0003] Browning of the food products in such a system 
can be accomplished in different ways. For example, a 
system for cooking meat products is shown in US-A- 30 
4,737,373, which has a cooker with a humid environ- 
ment and browning system comprising high velocity hot 
air. In WO-A-O 88/01719 a conveyor baking oven is 
shown which uses radiant convection and conduction 
heating. The conveyor passes through a cooking cham- 35 
ber and gas or electric infrared radiation sources are 
used for browning. 

[0004] US-A-3,739,712 shows a hamburger cooking 
system, in which flat meat patties are continuously 
roasted as they are carried through the gap between 40 
heated platens by a continuously driven endless chain 
conveyor. In this second type of continuous food cook- 
ing machine a grilling or frying of food products is now- 
adays accomplished by placing them between parallel 
endless conveyor belts, where they are roasted. In such 45 
a contact grill the food product is subjected to frying on 
both sides at the same time from a surface of high tem- 
perature, which it comes into contact with during the 
conveyance. Trie two endless belts are usually heated 
by heating plates being positioned over and under the so 
belts, respectively. 

[0005] Ovens are also used for cooking which utilize 
both convection and conduction. US-A-4 389 562 
shows an oven which is used for cooking meat patties or 
pizzas on support means, the upper and lower surface ss 
of the food being independently heated. Electrical heat- 
ing elements are positioned between adjacent rollers to 
heat the underside of the support means, and a fan 



draws preheated air from the oven and heats the prod- 
uct further. 

[0006] In US-A-5 239 91 7 an oven is shown for contin- 
uous heating of food products on trays for supporting 
the products. Heating elements are arranged above as 
well as below the trays with food products, and fans pro- 
vide heating by radiation and convection. The heat from 
the lower heating element moves upwards through per- 
forations in the conveyor belt of hooks to heat the trays 
and the bottoms of the food products. 
[0007] Many new food products as well as several tra- 
ditional products are not well suited for contact cocking 
in a device, in which they are squeezed or compressed 
between two surfaces. This is especially evident for food 
products having a structure which will rupture or sepa- 
rate when pressed together between the bands as seen 
for example with filets of fish. Other products unsuitable 
for compression are semi viscous products such as 
omelets, meat balls, and different kinds of gratins. Some 
of these products also have to be placed on a tray or 
another kind of support means in order not to be broken 
during a continuous cooking process on an endless 
belt. 

[0008] Endless bands of for example steel are also 
unsuitable for such food products with direct contact 
with the belt since they will not come off easily and will 
then rupture or separate when loosened from the belt. 
Likewise, such traditional products are - until they are 
ready - sensitive to irregularities in the belt which results 
in bumps during the cooking process. 
[0009] A continuous food cooking machine having two 
parallel endless belts is very suitable for food products 
having two parallel surfaces, e.g. hamburgers. However, 
such a machine is not suitable for products having one 
flat surface and one irregular surface, e.g. bread, and 
products of this type are increasing in number. 
[001 0] Further examples of products which are difficult 
to handle and process in continuous food cooking 
machines according to the state of the art are different 
minced meat products, also when formed, slices of 
meat, and filets of chicken. 

[001 1] The purpose of the invention is to eliminate the 
problems of existing industrial continuous food cooking 
processes and cooking machines mentioned above. 
[0012] A further purpose is to provide an improved 
process for heat treating food products, while at the 
same time a great flexibility of processing is achieved 
with the possibility of cooking many different types of 
products in a cooking machine according to the inven- 
tion. 

[001 3] In order to achieve these purposes the inven- 
tion has obtained the characterizing features of claim 1 . 
[0014] In order to explain the invention in more detail 
reference is made to the accompanying drawing in 
which 

FIG. 1 schematically shows a cross section through 
a cooking machine according to the invention. 
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[0015] A cooking machine 1 comprises an elongated 
processing path within a housing or processing cham- 
ber 2 having an entrance 3 and an exit 4. The process- 
ing path preferably consists of a conveyor, for example 
an endless belt 5. According to the invention the con- s 
veyor exposes a continuous flat non-perforated surface 
to the different food products to be processed. 
[0016] The food products 6 to be processed are 
placed as discrete pieces on the endless belt 5 and are 
continuously transported by means of a motor through 
the processing chamber 2 during the heat treatment of 
the food product. One or more turning devices 7 can be 
arranged in the processing path of the endless belt 5, so 
that the food products 6 can be turned over one or sev- 
eral times. Furthermore, the velocity of the endless belt 
5 can be varied during a process of cooking or cooling. 
[001 7] The endless belt or cooking band 5 is made of 
a material which can withstand the heat, humidity and 
other variables to which it will be subjected in the 
machine according to the invention. Suitable materials 
are plastics of fluorocarbons, which include poly- 
tetrafluoroethylene (PTFE), polychlorotrifluoroethylene 
(PCTFE), polyvinylidene, and fluorinated ethylene pro- 
pylene(FEP). 

[001 8] The endless belt 5 can be designed imperme- 
able as well as in the form of a fabric or a web. Prefera- 
bly, a cooking belt is used which is dense and can 
withstand a temperature of about 270 °C. 
[001 9] In order to be able to withstand the strains in a 
cooking machine the endless band of plastic material is 
reinforced. The belt can be reinforced with glass fibers, 
a stainless steel mesh or reinforcing fibers of synthetic 
polymers, e.g. poly-p-phenyiene terephtalamide which 
is commercially available as Kevlar®. This is a very 
strong thermoplastic polymer which is virtually immune 
to chemical attack and which may be used over a very 
wide temperature range. Thus, in order to obtain the 
same cooking effect as with a belt reinforced with glass 
fibre a thinner belt of poly-p-phenylene terephtalamide 
can be used. This is an important aspect of the inven- 
tion since the heat transfer from the conveyor to the food 
product should be as efficient as possible. 
[0020] In addition, by reinforcing the plastic material 
food products containing bones can be used which oth- 
erwise would be unsuitable since they can damage the 
belt material. Such products are for example pork 
chops, whole and half chickens, chicken legs etc. 
[0021] By manufacturing the cooking band 5 in a 
material which is impermeable to solid as well as liquid 
materials it is possible to collect residues and by-prod- 
ucts of the cooking process, e.g. fat. Such substances 
are then easily removed from the cooking machine 
which thus is very easy to clean. 
[0022] Heating plates 8 are arranged under the end- 
less belt 5 and can be heated electrically, with a com- 
bustible gas, or by means of a heat transfer oil. The 
temperature of each heating plate can also be adjusted 
individually. 



[0023] According to one aspect of the invention the 
cooking is accomplished on one side of the food prod- 
uct. Thus, heat is provided by means of thermal conduc- 
tion from the underside of the food products 6 via direct 
contact with the endless belt. 

[0024] On top of the processing chamber 2 a fan 
installation 9 is arranged, from which a stream 10 of a 
heat transfer medium is forced into the process cham- 
ber 2 through one or more inlets 1 1 by means of one or 
several fans. 

[0025] The heat transfer medium can comprise air, 
steam, or mixtures thereof. Accordingly, the installation 

9 is provided with means (not shown) for the supply 
thereto of steam and/or superheated steam. In addition, 
the temperature of the heat transfer medium is adjusta- 
ble by means of heating and cooling devices (not 
shown) in the installation 9. The heat is thus transferred 
by means of convection to the upper side of the food 
products 6. 

[0026] Baffles 1 2 are arranged in the inlet 1 1 for guid- 
ing the stream 10 of heat transfer medium to different 
places in the processing chamber 2 and in different 
directions down towards the endless belt 5 with the food 
products to be treated thereon so that a suitably 
directed stream 10 is obtained. The supply velocity of 
the heat transfer medium to the process chamber can 
also be adjusted by changing the fan speed in the instal- 
lation 9. Thus, the heat transfer medium can be supplied 
to different parts of the processing chamber 2 at differ- 
ent velocities and/or in different amounts. The stream 

10 of heat transfer medium can be returned to the fan 
installation 9 via an outlet 13. Means can also be pro- 
vided for detecting and regulating the moisture content 
of the process atmosphere within the housing 2. 
[0027] In another embodiment of the invention (not 
shown) a further endless belt is arranged above the 
cooking band in the processing path, both belts having 
the same velocity. The upper belt is preferably a mesh 
belt, e.g. of steel wire, and acts by pressing suitable 
food products down against the cooking band, the con- 
tact between the food product and the heated cooking 
band being increased and thus also the heat transfer by 
means of conduction. An effective heat transfer to the 
upper side of the food products by means of convection 
can still be obtained by the mesh belt being pervious to 
the heat transfer medium. By heating the upper mesh 
belt of the conveyor a contact cooking effect in the form 
of for example grill marks can at the same time be 
accomplished on the upper side of the food product. 
[0028] The amount of different food products treated 
in continuous food cooking processes are increasing. 
Thus, there exist products which would obtain better 
properties if they were subjected to direct contact cook- 
ing from below in combination with a treatment with hot 
air/steam from above. Further examples of such prod- 
ucts are bread, pizza, and liver paste. 

[0029] The heat transfer to the food product on a con- 
veyor is according to the invention accomplished from 
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the bottom by means of conduction from the conveyor 
directly to the food product and from the top by means 
of convection from a heat transfer medium. Accordingly 
in the convection the heat transfer between the aqueous 
food product and the heat transfer medium involves 5 
movement of the medium itself. 
[0030] Different kinds of heat transfer media can be 
used in the cooking machine according to the invention 
in order to accomplish the convection. Thus, the heat 
transfer medium comprises steam only, superheated 10 
steam, hot air only, and combinations of hot air and 
steam. Furthermore, the heat transfer medium can be 
circulated to different parts of the processing chamber 
at different velocities and/or different amounts and 
applied to the food products in different ways with differ- is 
ent velocities of product movement. If necessary, the 
food products can be turned over during the cooking 
procedure so that both sides are subjected to direct 
contact cooking. This is especially important for very 
soft products. 20 
[0031] The cooking process can also be operated in 
different steps by for example concentrating the steam 
to the early stage of the cooking process, i.e. near the 
entrance 3, and the hot air to the late stage of the proc- 
ess, i.e. near the exit 4. In this way a coagulation and a 2s 
desiccation effect, respectively, is obtained at different 
sites of the processing path. 

[0032] By this kind of process a great flexibility of 
cooking foodstuff is achieved, i.e. many different types 
of products can be cooked. In principle, there are no lim- 30 
its for the kind of products which can be treated accord- 
ing to the method of the present invention. All foodstuffs 
are suitable and includes for example cereals, vegeta- 
ble products, meat and fish, poultry, mixed meat prod- 
ucts etC. 35 
[0033] The method for continuously heat treating a 
food product is not only suitable for heat treating a food 
product by means of cooking. Also deep-freezed food- 
stuffs are surprisingly well suited to be thawed accord- 
ing to the method of the invention. For example, shrimps 40 
have been thawed with excellent results. 

Claims 

1 . Method for continuously heat treating a food prod- 45 
uct (6), the heat transfer to the food product being 
accomplished on a conveyor (5) in a processing 
chamber (2) from above by means of convection 
from a heat transfer medium and from below by 
means of heating means (8) heating the underside so 
of the food product (6), characterized in that the 
heat transfer from below is accomplished by direct 
contact of the underside of the food product (6) with 
the conveyor (5), the conveyor being a continuous 
flat non-perforated belt comprising a plastic mate- ss 
rial. 

2. Method as claimed in claim 1 , characterized in that 



the heat treatment of the food product is cooking 
the same. 

3. Method as claimed in claim 1 , characterized in that 
the heat treatment of the food product is thawing 
the same. 

4. Method as claimed in any of claims 1 -3, character- 
ized in that the food product (6) is turned over in the 
processing chamber (2) during the heat treatment. 

5. A cooking machine (1) having an installation (9) 
forcing a stream (10) of a heat transfer medium 
through at least one inlet (11) into a processing 
chamber (2) comprising a conveyor (5) for continu- 
ous heat treatment of a food product (6) thereon 
with heating means (8) underneath, characterized 
in that the conveyor (5) is a continuous flat non-per- 
forated belt comprising a plastic material. 

6. A cooking machine as claimed in claim 5, charac- 
terized in that the plastic material is a fabric. 

7. A cooking machine as claimed in claim 6, charac- 
terized in that the fabric is reinforced with glass 
fibre. 

8. A cooking machine as claimed in claim 6, charac- 
terized in that the fabric is reinforced with poly-p- 
phenylene terephtalamide. 

9. A cooking machine as claimed in any of claims 6-8, 
characterized in that the plastic material is 
selected from the group comprising polytetrafluor- 
oethylene, polychlorotrifluoroethylene, polyvinyli- 
dene, and fluorinated ethylene propylene. 

10. A cooking machine as claimed in claim 5, charac- 
terized in that the heating means (8) are heated 
electrically. 

11. A cooking machine as claimed in claim 5, charac- 
terized in that the heating means (8) are heated 
with a combustible gas. 

12. A cooking machine as claimed in claim 5, charac- 
terized in that the heating means (8) are heated by 
a heat transfer oil. 

13. A cooking machine as claimed in any of claims 10- 
12, characterized in that the temperature of each 
heating means (8) is individually adjustable. 

14. A cooking machine as claimed in claim 5, charac- 
terized in that the velocity of the conveyor (5) is 
adjustable. 

15. A cooking machine as claimed in claim 5, charac- 
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terlzed in that an upper belt is arranged for press- 
ing the food product (2) against the conveyor (5). 

16. A cooking machine as claimed in claim 15, charac- 
terized in that the upper belt is made of a wire s 
mesh. 

17. A cooking machine as claimed in claim 16, charac- 
terized in that the wire mesh is heated. 
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